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Abstract 

Background Gonioctena fornicata (Brüggemann, 1873) (Coleoptera: Chrysomelidae) inflicts substantial crop dam-
age by consuming alfalfa leaves. The main aim of the study was to develop an efficient, sustainable control method 
against the pest, considering entomopathogenic nematodes (EPNs) as a potential control agent against soil-dwelling 
insect pests. This study investigated the impact of two native entomopathogenic nematodes (EPNs), Heterorhabditis 
bacteriophora (isolate Z-1) and Steinernema feltiae (isolate A-16), on mature larvae and adults of G. fornicata. Con-
centrations of 250, 500, and 1000 IJs/ml were used for adult and larval stages, and mortality rate was determined 
at the end of 144 h for larvae and 240 h for adults.

Results The highest effect was 94.7% at 120 h for isolate Z-1 and 91.0% at 168 h for isolate A-16 at a concentra-
tion of 1000 IJs/ml for adult stages. The highest effect on larval stage was 97.6% at 96 h for isolate Z-1 and 85.8% 
at 120 h for isolate A-16 at the concentration of 1000 IJs/ml. On the adult stage, isolate Z-1 showed 50.0–67.1% 
effect at concentrations of 250 and 500 IJs/ml, respectively, while isolate A-16 showed an effect ranging from 46.7 
to 63.6%. In the larval stage, isolate Z-1 caused 39.7–77.6% mortality at 250 and 500 IJs/ml concentrations, respec-
tively, while the rate was 32.9–63.9% for isolate A-16. In the trial, isolate Z-1 showed a high efficacy in both stages of G. 
fornicata.

Conclusions This study represents the first laboratory investigation encompassing both adult and mature larval 
stages of G. fornicata. The obtained data offer valuable insights for alternative control strategies targeting G. fornicata.

Keywords Alfalfa leaf beetle, Mortality, Biological control, Entomopathogenic nematodes, Heterorhabditis 
bacteriophora, Steinernema feltiae

Background
Alfalfa, the world’s most cultivated forage crop, boasts 
a high feed value, abundant protein yield per unit area, 
and nutrient-rich green and dry grass that is not only 
delicious but also nutritious for a wide range of animals 

(Açıkgöz 2001). However, alfalfa, which holds a promi-
nent position among forage crops in terms of production, 
is vulnerable to various diseases and harmful organisms 
during its cultivation. One such menace is the alfalfa 
leaf beetle, scientifically known as Gonioctena fornicata 
(Brüggemann) (Coleoptera: Chrysomelidae). The initial 
record of this pest’s presence in Türkiye dates back to 
1946 (Alkan 1946). Subsequently, it was correctly identi-
fied as the alfalfa leaf beetle, with a particular emphasis 
on its detrimental impact on alfalfa (Bodenheimer 1958).
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Extensive research has been conducted in various 
regions of Türkiye, including Western, Central, and 
Southeastern Anatolia, as well as the Black Sea region, 
focusing on the surveillance, morphology, and biology 
of this pest. These studies have consistently highlighted 
the alfalfa leaf beetle as a significant threat to alfalfa 
cultivation (Barış et  al. 2021). Both the adult and lar-
val stages of this species are destructive, leading to sub-
stantial crop losses in alfalfa (Barış et al. 2021). The pest 
is known to feed on alfalfa leaves, flowers, leaf buds, 
young shoots, and the tips of stems (Barış et al. 2021). 
In recent years, the alfalfa leaf beetle has attracted 
increasing attention, especially due to population 
increases and fluctuations triggered by climate change.

A review of existing research has revealed that this 
pest poses a potential threat to alfalfa fields, causing 
economic losses that vary from year to year and region 
to region. Consequently, there is a pressing need for 
research aimed at its effective control (Yücel 2021). 
In response to this necessity, it became evident that 
studies exploring alternative methods to manage the 
pest were essential, leading to the utilization of native 
entomopathogenic nematodes (EPNs). EPNs have 
become an attractive option in biological control due to 
their effectiveness against numerous pests, their capac-
ity to seek out hosts, their compatibility with standard 
equipment for application, and their long-term efficacy 
(Ulu et al. 2016). The most prominent EPN species for 
biological control belong to the families Steinernema-
tidae and Heterorhabditidae (Poinar 1979). In previous 
studies on EPNs in Türkiye, nine EPN species, includ-
ing Steinernema feltiae, S. bicornutum, S. carpocapsae, 
S. affine, S. anatoliense, S. weiseri, S. littorale, Heter-
orhabditis bacteriophora, and H. megidis, have been 
identified so far (Yüksel et al. 2019). Members of these 
families are obligate generalist insect parasites, fea-
turing a free-living infective stage known as infective 
juveniles (IJs) (Mazurkiewicz et  al. 2019). In insects, 
infection is carried out by these juveniles, which are 
morphologically and physiologically adapted to long-
term survival in soil (Adams and Nguyen 2002). EPNs 
release Xenorhabdus spp. and Photorhabdus spp. bac-
teria into the hemolymph of the host insect once they 
have entered it (Stock and Blair 2008). These bacteria 
play a crucial role in swiftly eliminating the insect by 
facilitating the development and colonization of the 
nematode’s infective juveniles within the host insect 
(Dowds and Peters 2002). EPNs are capable of exter-
minating their hosts within 24–48 h after application 
(Forst and Clarke 2002). Subsequently, third instar 
EPNs larvae, also referred to as infective juveniles (IJs), 
emerge from the soil and actively search for new hosts 
(Kaya and Gaugler 1993). These nematodes possess the 

remarkable ability to actively locate their hosts, detect 
pest presence, and navigate toward their target (Susur-
luk and Toprak 2006).

The aim of this study was to evaluate the effect of two 
local isolates, Heterorhabditis bacteriophora (isolate 
Z-1) and Steinernema feltiae (isolate A-16), on G. forni-
cata adults, and determine the larvicidal effects of EPNs 
on the mature larval stage of G. fornicata, which has not 
been reported before.

Methods
Insect sources
The alfalfa plants used in this study were sourced from 
the experimental plots of the Plant Protection Central 
Research Institute, Ankara, Türkiye. Specimens of G. 
fornicata were collected from alfalfa fields located in the 
Sincan district of Ankara, at coordinates 40°04′09.1"N 
latitude and 32°28′30.9"E longitude, with an elevation of 
967 m.

Gonioctena fornicata (Brüggeman) (Coleoptera, 
Chrysomelidae) Production
Adult G. fornicata specimens were collected from the 
field and then carefully transferred to laboratory growth 
cages, each measuring 20 × 10 × 7 cm in size. Fresh alfalfa 
plants were provided as a food source for the pests and 
were replaced when they began to wilt or dry out. To pre-
vent adult beetles from escaping, alfalfa shoots were sub-
merged in narrow-mouthed beakers filled with water, and 
the beakers were sealed with sterile cotton. Any eggs laid 
by the beetles on a daily basis were closely monitored and 
then transferred to cages containing fresh alfalfa plants. 
The first larva that hatched within the cage, which also 
contained fresh alfalfa plants, was carefully observed. 
Subsequently, as the larvae molted, these transitions were 
closely monitored at intervals of 6 h. Larvae were then 
separated into distinct rearing cages based on their devel-
opmental stages, with mature larvae at the fourth stage 
being selected for the experiments. The experiments 
were conducted under controlled laboratory conditions, 
maintaining a temperature of 25 ± 2 °C, relative humidity 
at 65 ± 2%, and a photoperiod of 16L: 8D hrs.

Following the fourth instar larvae, pupae were relo-
cated at laboratory conditions characterized by a temper-
ature of 25 ± 2 °C, RH at 65 ± 2%, and complete darkness. 
The pupae were placed in containers filled with sterile 
soil, approximately 10 cm deep, and covered with fine 
gauze. The process of pupation and the emergence of 
the first adults were systematically monitored. Newly 
emerged adults, appearing on a daily basis, were selected 
for use in the experiments.
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Experiments
Plastic Petri dishes, with a diameter of 9 cm, were used 
for the experiment. A piece of filter paper (Whatman 
paper No.1, Whatman International, Maidstone, UK) 
was placed in each Petri dish. EPNs at concentrations of 
250, 500, and 1000 IJs/ml were administered to each Petri 
dish, with a volume of 1  ml dispensed using a micropi-
pette. For the control group, 1 ml of pure water without 
nematodes was used (Shahina and Salma 2010). Pipette 
tips were changed after each administration to maintain 
hygiene and prevent concentration variations. Within 
each Petri dish, five adults and five mature larvae were 
separately placed in accordance with their respective 
developmental stages. Fresh alfalfa leaves were provided 
in the Petri dishes as a food source for the insects and 
were replaced with fresh ones as needed to prevent dry-
ing. Counts were made at 24-h intervals and observations 
covered 144  h for mature larvae and 240  h for adults. 

Death insects were subjected to either dissection under a 
stereomicroscope or placed into White traps to facilitate 
the emergence of nematodes, thereby confirming their 
death due to EPNs (White 1927) (Fig. 1). Larval individu-
als were placed in separate Petri dishes containing sterile 
soil for pupation and kept in a completely dark climate 
chamber (Nüve, ID501, Türkiye) at 25 ± 2 °C, 65 ± 2% RH 
and complete darkness until adult emergence. Individu-
als reaching the adult stage were considered viable.

Source of nematode
In this research, the nematode H. bacteriophora (isolate 
Z-1), which was obtained from a soil sample collected 
from an alfalfa field located in the Zonguldak province of 
Türkiye and the other isolate S. feltiae (isolate A-16) was 
obtained from Department of Biology, Faculty of Arts 
and Sciences, Aydın Adnan Menderes University, Aydın, 

Fig. 1 Emerging infective juveniles of Steinernema feltiae (isolate A-16) (black arrow) and Heterorhabditis bacteriophora (isolate Z-1) (white arrows) 
from the body of Gonioctena fornicata (A: adult; B and C: larvae)
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Türkiye, were utilized. The soil sample underwent nema-
tode extraction using the wax moth, Galleria mellonella 
L. (Lepidoptera: Pyralidae) baiting method (Yağcı et  al. 
2023) as well as a white trap (White 1927). The patho-
genicity of this isolated nematode was confirmed by inoc-
ulating healthy G. mellonella larvae. Furthermore, newly 
emerged infective juvenile nematodes (IJs) obtained 
from the white trap were stored at a temperature of 10 
°C for subsequent investigations (Hazır et al. 2022). The 
nematode species were identified by Dr. Harun ÇİMEN 
(Department of Biology, Faculty of Arts and Sciences, 
Aydın Adnan Menderes University, Aydın, Türkiye) based 
on morphometric and molecular analyzes. In addition, 
isolate Z-1 underwent sequencing and has been depos-
ited in GenBank with the accession number OQ130749.

Rearing of Galleria mellonella larvae
To mass production of G. mellonella larvae, one-liter bot-
tles and provided those with a specialized diet consist-
ing of the following ingredients was utilized: (Flour: 890 
g, Milk powder: 445 g, Dry baker’s yeast: 222 g, Honey: 
500 g, Glycerin: 500 g, and Beeswax: 125 g). The prepa-
ration of this diet involved melting beeswax, honey, and 
glycerin, which were then mixed with the other compo-
nents following the method described by Mohamed and 
Coppel (1983). Subsequently, wax moth eggs were depos-
ited onto this nutrient-rich medium within one-liter glass 
jars. These jars were maintained in an incubator (Nüve, 
ID501, Türkiye) with a light-to-dark cycle of 16 h of light 
and 8 h of darkness, while the temperature was kept 
within the range of 23 ± 1  °C. This cultivation process 
spanned a duration of 40–45 days, during which sixth 
instar wax moth larvae were obtained and subsequently 
utilized for the large-scale cultivation of EPNs.

Rearing of entomopathogenic nematodes
Wax moth larvae served as the primary medium for mass 
cultivating the EPN isolate employed in the experiment. 
In this process, ten larvae within a 6-cm-diameter Petri 
dish containing filter paper (No. 1, Whatman Interna-
tional, Maidstone, UK) saturated with distilled water 
were placed. An inoculation of IJs was carefully applied to 
the wax moth larvae. Subsequently, the Petri dishes were 
securely sealed with parafilm and subjected to incuba-
tion at a controlled temperature ranging from 23 ± 1  °C. 
The daily monitoring of larval mortality was an inte-
gral part of this procedure. To extract EPN larvae from 
the infected wax moth larvae, the "White trap" method 
(White 1927) was utilized. Larvae infected by EPNs were 
then transferred into culture flasks and stored in a refrig-
erator maintained at a temperature of 10 °C to preserve 
the nematodes’ activity. In order to ensure the continued 
vitality of the nematodes, this process every one to two 

months was repeated, employing fresh wax moth larvae 
as hosts. This systematic approach facilitated the peri-
odic renewal of our nematode cultures at the Nematol-
ogy Laboratory, Directorate of Plant Protection Central 
Research Institute in Ankara, Türkiye.

Data analysis
The initial step in analyzing the data from the concentra-
tion screening tests involved converting the results into 
percentage mortality. Subsequently, an arcsine trans-
formation was applied, as described by (Warton and 
Hui 2011). To discern significant differences in means, 
Tukey’s multiple range test was applied at a significance 
level of 5%. All statistical analyses were conducted using 
MINITAB. Release 18 statistical software, utilizing the 
general linear model to assess the statistical interactions 
between treatments, as outlined by literature (Mckenzie 
and Goldman 2004). Whole experiments were carried 
out with four replicates for each concentration and were 
repeated at two different time points.

Results
The efficacy of EPN isolates against G. fornicata was 
assessed for their potential as a biological control agent. 
The correlation between concentration and time, as well 
as the concentration and EPN interaction, concerning 
the G. fornicata, was found to be statistically significant 
(P < 0.05) (Tables 1 and 2).

Effect of EPNs to adults’ stage
A statistically significant correlation (P < 0.05) was 
observed between the concentration of Z-1 and A-16 
isolates and their effect on the adult stage. Furthermore, 
the effect of both EPN isolates displayed variability with 
increasing concentration and over time (Table  1). The 
highest entomopathogenicidal effect was of H. bacterio-
phora (isolate Z-1) on the adult stage of the G. fornicata 
(94.7%) at 120 h (F: 26.65; df: 3.23; P < 0.05) at the con-
centration of 1000 IJs/ml and the following time inter-
vals. The initial impact of isolate Z-1 on the adult stage 
of the alfalfa beetle was observed at 48 h, a mortality of 
7.0% was noted at the 1000 IJs concentration, which was 
significantly different from the other sub-concentrations 
(250 and 500 IJs) (F: 4.65; df: 3.23; P < 0.05). By the 72-h 
mark, the mortality for the 500 and 1000 IJs concentra-
tions was determined to be 5.3 and 39.7%, respectively 
(F: 18.87; df: 3.23; P < 0.05). The highest concentration 
exhibited a significantly different effect compared to the 
lowest concentrations (F: 18.87; df: 3.23; P < 0.05). When 
assessing the impact of isolate Z-1 on the adult stage of 
the pest, it was observed that there was non-significant 
variation in the mortality between the 144th and 240th 
hrs (Table 1).
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The highest effect of isolate S. feltiae (isolate A-16) on 
G. fornicata adults was recorded at 91.0% for the 1000 
IJs concentration at the 168-h mark (F: 18.60; df: 3.23: 
P˃0.05). The initial effect was noted at 72 h, with a rate 
of 0.60% at the 1000 IJs concentration However, this 
effect was not statistically different from the other sub-
concentrations (F: 0.67; df: 3.23; P > 0.05). By the 96-h 
mark, the effect for all three concentrations (250, 500, 
1000) was 5.3, 11.1 and, 29.2%, respectively (F: 2.54; df: 
3.23; P > 0.05). At the 144-h mark, the effect continued 
to increase with increasing concentration, resulting in 
values of 46.7, 63.6 and, 86.1%, respectively (F:16.87; df: 
3.23: P˃0.05). Including 168 h, there was non-statistical 

significant difference in effect at other counting intervals 
thereafter (Table 1).

EPN effect on mature larvae stage
When assessing the impact of H. bacteriophora (isolate 
Z-1) and S. feltiae (isolate A-16) on the mature larval 
stage of the pest with increasing concentration, a sig-
nificant correlation (concentration/EPN) was observed 
(P < 0.05). The effects of EPN isolates on the larval stage 
of the pest are detailed in Table 2.

The initial effect of H. bacteriophora (isolate Z-1) 
on mature larvae was noted at 48 h, with a mortality of 
19.7% at the 1000 IJs concentration (F: 11.83; df: 3.23; 

Table 1 Mortality (%) of Heterorhabditis bacteriophora (isolate Z-1) and Steinernema feltiae (isolate A-16) against Gonioctena fornicata 
adults in 240 h

HAT: Hours after treatment

*Means within column bearing the same letter are not significantly different (Tukey test, P > 0.05)

**Means within lines bearing the same letter are not significantly different (Tukey test, P > 0.05)

HAT Heterorhabditis bacteriophora (isolate Z-1) Steinernema feltiae (isolate A-16)

Concentrations (IJs/adult)

250 500 1000 0 250 500 1000 0

24 0.0 A** c* 0.0 A d 0.0 A d 0.0 A a 0.0 A b 0.0 A c 0.0 A d 0.0 A a

48 0.0 B c 0.0 B d 7.0 A cd 0.0 B a 0.0 A b 0.0 A c 0.0 A d 0.0 A a

72 0.0 B c 5.3 B cd 39.7 A bc 0.0 B a 0.0 A b 0.0 A c 0.60 A cd 0.0 A a

96 16.9 B b 22.7 B bc 77.3 A ab 0.0 B a 5.3 A b 11.1 A b 29.2 A bc 0.0 A a

120 32.9 B ab 46.7 B ab 94.7 A a 0.0 C a 32.9 B a 36.1 B ba 57.0 A ac 0.0 C a

144 50.0 B a 67.1 B a 94.7 A a 0.0 C a 46.7 B a 63.6 AB a 86.1 A a 0.0 C a

168 50.0 B a 67.1 B a 94.7 A a 0.0 C a 46.7 B a 63.6 AB a 91.0 A a 0.0 C a

192 50.0 B a 67.1 B a 94.7 A a 0.0 C a 46.7 B a 63.6 AB a 91.0 A a 0.0 C a

216 50.0 B a 67.1 B a 94.7 A a 0.0 C a 46.7 B a 63.6 AB a 91.0 A a 0.0 C a

240 50.0 B a 67.1 B a 94.7 A a 0.0 C a 46.7 B a 63.6 AB a 91.0 A a 0.0 C a

Table 2 Mortality (%) of Heterorhabditis bacteriophora (isolate Z-1) and Steinernema feltiae (isolate A-16) against Gonioctena fornicata 
mature larvae at 144 h

HAT: Hours after treatment

*Means within column bearing the same letter are not significantly different (Tukey test, P > 0.05)

**Means within lines bearing the same letter are not significantly different (Tukey test, P > 0.05)

HAT Heterorhabditis bacteriophora (isolate Z-1) Steinernema feltiae (isolate A-16)

Concentrations (IJs/larvae)

250 500 1000 0 250 500 1000 0

24 0.0 A** b* 0.0 A c 0.0 A c 0.0 A a 0.0 A b 0.0 A c 0.0 A c 0.0 A a

48 0.0 B b 0.0 B c 19.7 A b 0.0 B a 0.0 A b 0.0 A c 3.6 A c 0.0 A a

72 0.6 B b 22.2 B b 77.3 A a 0.0 B a 0.6 B b 11.5 B b 43.0 A b 0.0 B a

96 26.2 C a 64.2 B a 97.6 A a 0.0 D a 26.2 B a 43.3 B a 83.1 A a 0.0 C a

120 39.7 C a 77.6 B a 97.6 A a 0.0 D a 32.9 C a 63.9 B a 85.8 A a 0.0 D a

144 39.7 C a 77.6 B a 97.6 A a 0.0 D a 32.9 C a 63.9 B a 85.8 A a 0.0 D a
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P < 0.05). However, the highest larval mortality was deter-
mined as 97.6% at 96 h at a concentration of 1000 IJs/ml 
(F: 40.97; df: 3.23; P < 0.05). Larval mortality was 39.7, 
77.6, and 97.6%, respectively, depending on the increas-
ing concentration at 120 h. After this application time, 
the effect remained constant and no statistical difference 
was recorded (F: 32.13; df: 3.23; P < 0.05). When evaluat-
ing the effect of each concentration of isolate Z-1on the 
larval period over time, a significant correlation (concen-
tration/time) was observed (P < 0.05) (Table 2).

The effect of isolate A-16 on the larval stages was deter-
mined as 3.6% in 1000 IJs and was statistically in the 
same group with the other concentrations (F: 1.53; df: 
3.23: P˃0.05). Nonetheless, the highest larval mortality 
was 85.8% at the end of 120th hrs with 1000 IJs/ml con-
centration (F: 35.77; df: 3.23: P<0.05). At 72 h, the effects 
were determined as 0.6, 11.5 and, 43.0% IJs, respectively, 
depending on the increasing concentrate, while 1000 
IJs was in a different group from the other sub-concen-
trations (F: 9.86; df: 3.23: P<0.05). Depending on the 
increase in concentration, the effects at  120th and  144th 
hrs did not change and 32.9, 63.9, and 85.8% mortality 
was determined in the larval stage, respectively (Table 2).

Discussion
In this experiment, the insecticidal activity of two local 
EPNs, H. bacteriophora (isolate Z-1) and S. feltiae (isolate 
A-16), against adults and larvae of G. fornicata was inves-
tigated. EPNs have been reported by different researchers 
as a potential biological control agent for the control of 
different insect pest adults that overwinter in the soil and 
mature larvae that descend to the soil to pupate (Geor-
gis et al. 2006). In terms of infectivity in the adult period, 
Z-1 isolate showed higher activity than A-16 isolate and 
caused death in a shorter time. In the larval stage, simi-
larly, the mortality was high in Z-1 isolate.

Heterorhabditis bacteriophora (isolate Z-1) demon-
strated a high impact on G. fornicata adults. Another 
study similar to these findings, the application of H. 
bacteriophora at a rate of 1000 IJs per G. fornicata adult 
resulted in a 100% mortality 3 days post-treatment in the 
laboratory (Majic et al. 2013). According to the results, G. 
fornicata adults were susceptible to all isolates tested in 
the study, while the lowest mortality was obtained from 
S. feltiae (isolate 09–31) with 94.7% at 2000 IJs/adult con-
centration. In other isolates, mortality ranged between 
97.6 and 100% after 120 h of treatment (Çağlayan et  al. 
2021). It was determined that different isolates of the 
EPN species displayed varying activity levels against the 
target insect.

The other EPN, S. feltiae (isolate A-16), led to different 
mortality against G. fornicata adults. The highest effect 
was achieved at a concentration of 1000 IJs with 91.0% 

mortality. In addition, Trdan et  al. (2006) reported that 
S. feltiae showed the highest efficacy in the management 
of Leptinotarsa decemlineata (Say, 1824) (Coleoptera: 
Chrysomelidae) adult populations at 15 °C. Research-
ers found that a high efficacy of different strains and 
concentrations of S. feltiae on overwintering L. decem-
lineata adults (88 to 100%) (Wright et  al. 1987). Atay 
and Kepenekci (2016) reported that Turkish isolates of 
(EPNs) (Steinernema feltiae, S. carpocapsae and H. bac-
teriophora) were tested against Holotrichapion pullum 
(Gyllenhal) (Coleoptera, Apionidae) under laboratory 
conditions at 500, 1000 and, 2000 IJs/ml and at 20 °C. S. 
carpocapsae caused 82.15% mortality at 2000 IJs/ml. In 
contrast, S. feltiae caused 35.21%, while H. bacteriophora 
caused less 30.55% mortality. It has been reported by 
researchers that EPNs can show different efficacy on the 
same pest as well and different isolates of the same spe-
cies can show different efficacy on the same pest (Can-
hilal et  al. 2007). The results of the present study were 
similar to previous studies and isolate Z-1 and isolate 
A-16 showed different efficacy on the same insect species 
for both adult and larval stages. Based on the obtained 
results, the mortality of insects exposed to EPNs fluc-
tuates based on factors such as: virulence, nematode 
species and strains, insect species, biological stages of 
insects, EPN concentrations, exposure duration, and 
temperature (Yağcı et  al. 2023) The observation that G. 
fornicata larvae achieved the highest efficacy in shorter 
time than both EPN types under investigation aligns with 
the aforementioned discoveries.

Since G. fornicata overwinters in the soil, and the 
mature larvae move into the soil for pupation, EPN iso-
lates may enhance the chances of success in pest control. 
EPNs are more efficient against larvae and other pre-
imagine stages of insects because they can enter their 
bodies more easily (LeBeck et al. 1993). According to the 
results obtained, isolate Z-1 exhibited the highest efficacy 
against fourth-stage larvae at a concentration of 1000 IJs, 
reaching 97.6% mortality at the 96th hrs, while isolate 
A-16 showed the highest efficacy at 120th hrs, with 85.8% 
mortality. It has been known that EPNs harbor symbi-
otic bacteria (Salvadori 2012), which multiply and release 
various virulence factors, including toxin complexes, 
hydrolytic enzymes, hemolysins, and antimicrobial com-
pounds. These factors typically lead to the death of the 
insect host within 48 h (Eleftherianos et al. 2010). In both 
isolates, similar to previous experiments the first effect 
on G. fornicata mature larvae started at 48 h and at a 
concentration of 1000 IJs/ml and increased over time. So 
far, no other study has been found where it was possible 
to successfully control G. fornicata larvae with EPNs. In 
this study, the efficacy of EPN isolates against the mature 
larval stage of the pest was demonstrated for the first 
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time. Since there are no studies in the literature on the 
larval stage of G. fornicata, some studies were evaluated. 
The efficacy of several EPN isolates against L. decemline-
ata larvae, another economic pest in the Chrysomeli-
dae family, has been determined (Kepenekci et al. 2015). 
Researchers found high efficacy of different strains and 
concentrations of S. feltiae on larvae (80–90%) (Wright 
1987). S. feltiae caused 96% mortality and H. bacterio-
phora resulted in 75% mortality. As evident from other 
studies, there are a number of factors that contribute to 
variations in EPN pathogenicity. Among these, the ability 
to encounter, find and penetrate hosts is thought to influ-
ence pathogenicity. 

Conclusions
Two local EPN isolates, H. bacteriophora (isolate Z-1) 
and S. feltiae (isolate A-16), demonstrated efficacy against 
both larval and adult stages of G. fornicata. Biologi-
cal measures are notably eco-friendly. Exploring locally 
available nematode strains is essential, as they are better 
suited to adapt to regional climatic conditions compared 
to commercial alternatives, potentially yielding superior 
outcomes. Therefore, environmentally sound pest con-
trol activities need alternatives. Nonetheless, conducting 
field assessments of these EPN species and strains will 
yield more comprehensive insights into their potential. 
For sustainable pest control, it is very important to search 
for locally available nematode species that are adapted 
to regional climatic conditions and have the potential to 
give superior results compared to other control methods.

Abbreviations
EPNs  Entomopathogenic nematodes
IJs  Infective juveniles
G. fornicata  Gonioctena fornicata
S. feltiae  Steinernema feltiae
H. bacteriophora  Heterorhabditis bacteriophora
G. mellonella  Galleria mellonella

Acknowledgements
I would like to thank Dr. Mürşide YAĞCI (Plant Protection Central Research 
Institute) for her help in obtaining EPNs.

Author contributions
AB executed the laboratory study, conceived the idea, supervised the work, 
and wrote the original MS.

Funding
No funding.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Received: 7 October 2023   Accepted: 7 November 2023

References
Açıkgöz (2001) E Forage crops. Uludag University Foundation for Empower-

ment, Uludag University Agricultural Faculty Press, 3rd ed: Bursa, Türkiye; 
pp 584

Adams BJ, Nguyen KB (2002) Taxonomy and systematics. In: Gaugler R (ed) 
Entomopathogenic nematology. CABI Publishing, Wallingford, pp 1–33

Alkan B (1946) Entomology of agriculture. T.C. Ministry of Agriculture Ankara 
High Agricultural Institute Textbook. 31. A.Y.Z.E. Printing House, Ankara, 
Türkiye, pp 232

Atay T, Kepenekci I (2016) Biological control potential of Turkish entomopatho-
genic nematodes against Holotrichapion pullum (Gyllenhal) (Coleoptera, 
Apionidae). Egypt J Biol Pest Control 26(1):7

Barış A, Yücel C, Gök N (2021) Distribution, density and population monitoring 
of Gonioctena fornicata (Brüggemann, 1873) (Coleoptera: Chrysomelidae) 
in lucerne fields of Bolu, Zonguldak and Bartın provinces. Plant Prot Bull 
61(1):15–20. https:// doi. org/ 10. 16955/ bitko rb. 796566

Bodenheimer FSA (1958) A study on insects that are pests to agriculture and 
trees in Türkiye and the management against them. Bayur printing house, 
Ankara, Türkiye, pp 175

Çağlayan A, Atay T, Kepenekci I (2021) Efficacy of some native entomopatho-
genic nematodes against the alfalfa weevil, Hypera postica (Gyllenhal) 
(Coleoptera: Curculionidae), and the lucerne beetle, Gonioctena fornicata 
(Brüggemann) (Coleoptera: Chrysomelidae), adults under laboratory 
conditions. Egypt J Biol Pest Control 31(1):1–7. https:// doi. org/ 10. 1186/ 
s41938- 021- 00436-z

Canhilal R, Reid W, Kutuk H, El-Bouhssini M (2007) Susceptibility of sunn 
pest, Eurygaster integriceps Puton (Hemiptera: Scutelleridae), to various 
entomopathogenic nematodes (Rhabditida: Steinernematidae and 
Heterorhabditidae). J Agrıc Urban Entomol 24(1):19–27

Dowds BCA, Peters A (2002) Entomopathogenic nematology. In: Gaugler R 
(ed) CABI. Virulence mechanisms, New York, pp 79–98

Eleftherianos I, Joyce S, Clarke F-C, DJ, Reynolds SE, (2010) Probing the tri-
trophic interaction between insects, nematodes and Photorhabdus. 
Parasitology 137(11):1695–1706

Forst S, Clarke D (2002) Bacteria-nematode symbiosis. In: Gaugler R (ed) 
Entomopathogenic nematology. CABI Publishing, Wallingford, pp 57–77

Georgis R, Koppenhöfer AM, Lacey LA, Bélair G, Duncan LW, Grewal PS, Samish 
M, Tan L, Torr P, van Tol RWHM (2006) Successes and failures in the use of 
parasitic nematodes for pest control. Biol Control 38:103–123

Hazır S, Kaya H, Touray M, Cimen H, Shapiro-Ilan DS (2022) Basic laboratory and 
field manual for conducting research with the entomopathogenic nema-
todes, Steinernema and Heterorhabditis, and their bacterial symbionts. 
Turk J Zool 46(4):305–350. https:// doi. org/ 10. 55730/ 1300- 0179. 3085

Kaya HK, Gaugler R (1993) Entomopathogenic nematodes. Annu Rev Entomol 
38:181–206. https:// doi. org/ 10. 1146/ annur ev. en. 38. 010193. 001145

Kepenekci I, Atay T, Alkan M (2015) Biological control potential of Turkish 
entomopathogenic nematodes against the Colorado potato beetle. 
Leptinotarsa Decemlineata Biocontrol Sci Technol 26:141–144

LeBeck LM, Gaugler R, Kaya HK, Johnson HAH, MW, (1993) Host stage 691 suit-
ability of the leafminer Liriomyza trifolii (Diptera: Agromyzidae) to the 692 
entomopathogenic nematode Steinernema carpocapsae (Rhabditida: 693 
Steinernematidae). J Invertebr Pathol 62:58–63

Majic I, Raspudic E, Ivezic M, Brmez M, Sarajlic A, Mirkovic A (2013) Susceptibil-
ity of Phytodecta fornicata (Coleoptera: Chrysomelidae) to Heterorhabditis 
bacteriophora. Insect Pathog Entomoparasitic Nematodes 90:309–312

Mazurkiewicz A, Jakubowska M, Tumialis D, Skrzecz I, Roik K, Pezowicz E, Gross 
A (2019) Laboratory bioassay of selected entomopathogenic nematodes 
as mortality factors of Oulema melanopus (Coleoptera: Chrysomelidae). J 
Entomol Sci 54(4):390–400. https:// doi. org/ 10. 18474/ JES18- 118

https://doi.org/10.16955/bitkorb.796566
https://doi.org/10.1186/s41938-021-00436-z
https://doi.org/10.1186/s41938-021-00436-z
https://doi.org/10.55730/1300-0179.3085
https://doi.org/10.1146/annurev.en.38.010193.001145
https://doi.org/10.18474/JES18-118


Page 8 of 8Barış  Egyptian Journal of Biological Pest Control          (2023) 33:111 

Mckenzie JD, Goldman R (2004) The Student guide to MINITAB release 14 
manual. Addison Wesley Publication, Boston, p 560

Mohamed MA, Coppel HC (1983) Mass rearing of the greater wax moth Gal-
leria melonella (Lepidoptera: Galleridae) for small-scale laboratory. Great 
Lakes Entomol 16(4):139–141

Poinar GOJR (1979) Nematodes for biological control of insects. CRC Press 
Boca Roton, FLA, p 277

Salvadori JDM, Defferrari MS, Ligabue-Braun R, Lau EY, Salvadori JR, Carlini CR 
(2012) Characterization of entomopathogenic nematodes and symbiotic 
bacteria active against Spodoptera frugiperda (Lepidoptera: Noctuidae) 
and contribution of bacterial urease to the insecticidal effect. Biol Control 
63(3):253–263

Shahina F, Salma J (2010) Laboratory evaluation of seven Pakistani strains of 
entomopathogenic nematode against stored grain insect pest Sitophilus 
oryzae L. Pak J Nematol 28(2):295–305

Stock SP, Blair HG (2008) Entomopathogenic nematodes and their bacterial 
symbionts: the inside out of a mutualistic association. Symbiosis-Rehovot 
46(2):65–75

Susurluk IA, Toprak U (2006) Molecular identification of three entomopatho-
genic nematodes from Turkey by PCR-RFLP of the ITS regions. Phytopara-
sitica 34(1):17–20

Trdan S, Vidrih M, Valic N (2006) Activity of four entomopathogenic nematode 
species against young adults of Sitophilus granarius (Coleoptera: Curcu-
lionidae) and Oryzaephilus surinamensis (Coleoptera: Silvanidae) under 
laboratory conditions. J Plant Dis Prot 113(4):168–173

Ulu TC, Sadic B, Susurluk IA (2016) Effects of different pesticides on virulence 
and mortality of some entomopathogenic nematodes. Invertebr Surviv 
J 13:111–115

Warton DI, Hui FKC (2011) The arcsine is asinine: the analysis of proportions in 
ecology. Ecology 92:3–10. https:// doi. org/ 10. 1890/ 10- 0340.1

White GF (1927) A method for obtaining infective nematode larvae from 
cultures. Science 66(1709):302–303. https:// doi. org/ 10. 1126/ scien ce. 66. 
1709. 302-a

Wright RJ, Agudelo-Silva F, Georgis R (1987) Soil applications of Steinernematid 
and Heterorhabditid nematodes for control of Colorado Potato Beetles, 
Leptinotarsa decemlineata (Say). J Nematol 19:201–206

Yağcı M, Dolunay EF, Akdeniz FT, Ertürk S (2023) Pathogenicity of four native 
isolates of entomopathogenic nematodes against Tribolium confusum 
Jacquelin du Val (Coleoptera: Tenebrionidae). J Plant Dis Prot 130(1):85–
92. https:// doi. org/ 10. 1007/ s41348- 022- 00686-5

Yücel C (2021) Lucerne leaf beetle (Gonioctena fornicata chevrolat, 1836). 
In: Mutlu Amutkan D (ed) Recent biological studies. Iksad Publications, 
Ankara, pp 123–141

Yüksel E, İmren M, Canhilal R (2019) Effects of azadirachtin and Spinosad on 
the survival and virulence of some local entomopathogenic nematodes 
isolates. Int J Agric Wildl Sci 5(2):280–285

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1890/10-0340.1
https://doi.org/10.1126/science.66.1709.302-a
https://doi.org/10.1126/science.66.1709.302-a
https://doi.org/10.1007/s41348-022-00686-5

	Biocontrol potential of native entomopathogenic nematodes against Gonioctena fornicata (Brüggemann, 1873) (Coleoptera, Chrysomelidae) in alfalfa
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Insect sources
	Gonioctena fornicata (Brüggeman) (Coleoptera, Chrysomelidae) Production
	Experiments
	Source of nematode
	Rearing of Galleria mellonella larvae
	Rearing of entomopathogenic nematodes
	Data analysis

	Results
	Effect of EPNs to adults’ stage
	EPN effect on mature larvae stage

	Discussion
	Conclusions
	Acknowledgements
	References


